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* & Budget Plan: 

• ; '-V- : ... . a. Salaries 

b. Expendable Supplies 

; ’’ ; C Other Expenses 

V' ' A Parmanent Equipment 

a. Overhead (15% of «, b, c) 

♦Includes $236.50 FICA and $412.50 Retirement^(7-1/2%) 

V **To partially defray cost of the isotope, Rxibidium-84. 

A ; 7. Anticipated Duration of Work: ... 

• One year 

8 . Facilities and Staff Available: * ■ 

Laboratory facilities and staff are available at 645 Mullett and Detroit 
V General Hospital* 
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Detailed Plan of; Procedure 
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As the progress report has indicated, a method has been developed 

' . J .“> ’ ' . • V; 

which measures quantitatively coronary blood flow over a period of time* 
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The main disadvantage of this procedure is that only overall figures of coronary rsx 
flow over periods of 8 minutes can be obtained, and that rapid changes: in 

coronary blood flow cannot be assessed. To overcome this difficulty, it is 

>. • 

proposed to add to this technique a modification patterned after the method 
of Donato in which myocardial perfusion in man can be evaluated with rubidium 


JA £•/< ij.-. 
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by means of precordial counting. Donato's difficulties arose from the use 
singles rather than positron emitters; therefore, extremely difficult 
:: ; »r; collimation and complex machinery had to be used. However, his method! is 

applicable to our instrument if the slow counting system is replaced with a 
ra P id counter. The method of Donato is based on the principle that when a 

C ''N’’:f'?v ;single bolus is intravenously injected into a patient, the initial partition 

.?• ‘' v .• '> ~ ‘‘T*- 

^ ■>: "v of the bolus of rubidium is proportional to the distribution of cardiac output : 

. ... • . • ; ■ . 

' •»<!' that the distribution is maintained for a certain time after completion of " j.-; 

••• .**■■*■ 




first circulation. On these grounds, it has been found that the myocardial J 
K&N'S ' uptake of rubidium immediately after a single injection furnishes an approach >7 •/ 

■' '* *'• ' ' ■ - . - . 7 • 

V V ' • .• “ . . • • < ■: V 

k- : -•* 

to problem of estimating myocardial blood perfusion. The formula for the 
••• ? ; v calculation of myocardial blood flow by the bolus method is given as follows: ' 
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where the denominator of this equation is represented by the area under the 
curve during one passage of the radioactive material through the heart chambers 




(see enclosed- Figure 1). This occurs within 10 to 15 secondh. It is for 




.Source; https:/ 
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this reason that a very rapid response recording system has to be installed 

in order to measure these rapid changes. The details of the calculations 

. ‘ - 

for coronary flow have been discussed in Donato's original paper. (Circulation 
29:195, February, 1964) ^ .... 
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The coincidence counting system would eliminate two difficult 
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portions of this method: (1) the complicated collimation, and (2) the extremely ' r 
cumbersome correction for activity in chamber blood; to accomplish this, it 
is necessary to separate radioactivity in the cardiac chambers from that of 


7 


the heart muscle by preceding injection of radioiodinated albumin. Thus, the 


L 1 ' 






intravascular component can be calculated only if the radioactive concentration 

. ■ ■ 1 

in blood is measured, and this is accomplished by the injection of radio- * v.-.- 

iodinated serum albumin, referred to above. The apparatus, therefore. 


•: • U 


constructed and used in our laboratory, is directly applicable to^the 
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instantaneous measurement of coronary blood flow without further modification 
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with the exception of the installation of a rapid recording device. It 
should 1 be stressed that the use of the coincidence counting system greatly 
simplifies the whole procedure. 

Using this method in combination with our previously developed 

;v ij*‘ . 

method 1 which continuously determines coronary blood flow for periods ranging 
from 6 to 15 minutes, it will now be possible to study acute and Immediate 
effects of dlrugs acting on the coronary circulation such as nicotine and 
nitroglycerin. In the past, such studies could not be performed in man 
because both the nitrous oxide method and the rubidium-84 method measure 
only slow and non-phasic changes in coronary blood flow. 

The second part of this project deals with the measurement of 
cardiac contractility in man as correlated with the measurement of the 
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instantaneous effect of nicotine and 1 other drugs affecting coronary blood 
flow. This work is based on the construction of a new instrument which : ' 
enables the direct measurement of cardiac contractility in man. In principle 
this instrument is a catheter with two separate receptor wires which can be 
pushed through the distal lumen of the catheter and inserted into the 
myocardium to a distance of about 1 to 1.5 millimeters. These two wires 
are: connected to a Wheatstone bridge which measures the distance between 


m nui.«h.0bwus wuxwu ucaouica uic uiouautc uciweeu ' ' 

, ; the two wires and therefore determines the shortening of the heart muscle 

■■■■ ■■■•■■:■■ ^ ■ ..• • . . ■ . . :: 

■' v : from the inside of the ventricular chambers. The catheter has been constructed 1 7 

by General Motors and accomplishes direct measurement of cardiac contractility * 
without exposure of the heart. Using this catheter, one is in a 1 position to i/•. 
measure the effect on cardiac contractility of Various pharmacological agents. ' 
It has become obvious that antianginal drugs studied here act in a • \ 
y similar manner; they increase coronary blood flow in normal individuals, but 
• have no effect in patients with coronary artery disease; they all produce 

■a diminution in cardiac contractility. This latter may be the result of direct 
■ effect on the heart muscle or it may be a peripheral effect. Using these • : 

■ • two new methods, the coincidence counting system and the new Wheatsone bridge V 

A . V- ••-r' 

catheter, it may now be possible to study the effect of coronary vasodilators 

on both cardiac contractility and on coronary blood flow, and possibly also TUS? 

-" r ! ' " ' • 

on myocardial metabolism, the latter being accomplished by intubation of j 




the coronary sinus. These new procedures also would give some information 
on the effect of nicotine on the human heart. The questions that could be : ' 
answered pertain to the temporary relationship between the effect of nicotine 
on the heart muscle and on the coronary arteries. 
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The final contemplated project is a continuation of the work dealing 

with the epidemiological studies concerned with the recognition of coronary ' 

, _ • • .... • . 

artery disease. It is proposed that the rubidium-nitroglycerin' test should 

.a"/'*'/,' 

be carried out in the detection of the coronary prone patient and 1 in the v 


be carried out in the detection of the coronary prone patient and 1 in the 

■ ■■• Y .J",IV 

differential diagnosis of coronary suspected patients. This test is based on a 
difference in response to nitroglycerin of normal hearts and of arteriosclerotic v' 
hearts. It Is proposed that two groups of individuals be studied, the first 

■■t -v 

consisting of patients which are coronary prone. The other group will be jy 

•" *' JC 

composed of patients who have vague complaints which point towards the presence r‘$U- 
of coronary artery disease but in whom there has been no definite clinical ' 

evidence for this. The line of approach in these two groups of patients is • - f : 

*) 

identical 1 : determination of the coronary profile, serum cholesterol, lipids, V • 
electrocardiographic changes, body build, personality, social factors, and ' r 
particularly the rubidium-nitroglycerin test and coronary arteriography. ' f ; 

The significance of the proposed research may be summarized as follows: "I 

.... . • . ' ' 

The determination of instantaneous changes in coronary blood flow with 
a single bolus injection method. This procedure, as combined with the -^S-M 

coincidence counting method! and the positron emitting material, Rubidium-84, . 4;^;/^ 




will enable us to study instantaneous changes in coronary blood flow as produced , ^ 

‘ •' - ‘ ' u ; i'jsir 

by nicotine or coronary vasodilator drugs. Such a procedure has not been •' 
possible in man heretofore. It should be mentioned here that this method has 
already been started using our Co-Insitron machine at the University of Indiana 
under Dr. Hickam’s direction. The questions that can be posed are: What is the 
immediate effect of nicotine on the coronary blood flow? How long does the 
effect last? and How large an increase in coronary blood flow is observed at 
various intervals following either the smoking of cigarettes or the injection 


of nicotine. 
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The second problem, the determination of cardiac contractility, 


combined with the measurement of coronary blood flow, may be of help in 


■■■mm- 


determining the direct effect’ of nicotine, of beta ganglionic blockers 


and 

» “ uu . r i t; »*■ Vi* .: / 
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of nitroglycerin and other similar compounds on the contractility of the . • 

heart muscle. Heretofore, this has been only possible by indirect means such 


? &■&*: 


as the determination of the pressure rise during the systolic phase of the * ! £ 


cardiac cycle or the tension time index. The questions that can be answered 
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are concerned with the time relationship between the coronary dilatation as * 


t‘ . ; 

• 4. 

»> ■ -. 
T V •" ‘ 

->'1 Hi ■ 


observed with nicotine and cardiac contractility. 

The third part of the project consists in a continuation of the work 
previously proposed dealing with long range studies in the definition of . ' 

coronary profile as influenced by smoking, genetic factors, hypertension, etc. 

> . ; 

. t• i' 

To summarize, the proposal is consistent with new approaches to 5 

r cardiac physiology with special reference to clinical pharmacology, approaches . 

Vm' • ’ '/ ' .V ^ t 

which are based on the development of new techniques as applied to man. 
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